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DATA STORAGE DEVICE AND 
METHOD OF FORMING THE SAME 



BACKGROUND 

[0001] Many different resistive cross point memory cell arrays have been proposed, 

including resistive cross point memory cell arrays having magnetic random access 
memory (MRAM) elements, phase change memory elements, resistive polymer 
memory elements, polysilicon memory elements, and write-once (e.g., fuse based or 
anti-fuse based) resistive memory elements. 

[0002] A typical storage device, for example, an MRAM storage device, includes an 

array of memory cells. Word lines may extend along rows of the memory cells, and 
bit lines may extend along columns of the memory cells. Each memory cell is located 
at a cross point of a word line and bit line. Each memory cell stores a bit of 
information as an orientation of a magnetization. In particular, the magnetization of 
each memory cell assumes one of two stable orientations at any given time. These 
two stable orientations, parallel and anti-parallel, may, for example, represent logic 
values of 0 and 1. The magnetization orientation affects the resistance of a memory 
cell. For example, the resistance of a memory cell may be first value, R, if the 
magnetization orientation is parallel, and the resistance of the memory cell may be 
increased to a second value, R + AR, if the magnetization orientation is changed from 
parallel to anti-parallel. 

[0003] In general, the logic state of a resistive cross point memory cell may be read 

by sensing the resistance state of the selected memory cell. However, sensing the 
resistance state of a single memory cell in the array typically is difficult because all of 
the memory cells in a resistive cross point memory cell array are interconnected by 
many parallel paths. Thus, the resistance that is determined at one cross point equals 
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the resistance of the memory cell at the cross point in parallel with the resistance of 
memory cells in the other word lines and bit lines. This means that, in an array that 
does not use switches or diodes to isolate memory cells from one another, the other 
memory cells in the same column and row may be rendered unusable. Thus, a simple 
shorted memory element can cause a column-wide/row-wide error. In addition, if the 
selected memory cell being sensed has a different resistance state due to stored 
magnetization, a small differential voltage may develop. This small differential 
voltage may give rise to parasitic or "sneak path" currents that may interfere with the 
sensing of the resistance state of the selected memory cell. 
[0004] Thus, a need exists for the reliable isolation of selected resistive cross point 

memory cells while data stored on a selected memory cell is being sensed. 

SUMMARY 

The present disclosure relates to data storage devices and methods for forming 
a data storage device. In one embodiment, a data storage device comprises a plurality 
of word lines, a plurality of bit lines, a plurality of cross points formed by the word 
lines and the bit lines, and a plurality of memory cells, each of the memory cells being 
located at a different one of the cross points, wherein a first bit line comprises a 
distributed series diode along an entire length of the bit line such that each of the 
associated memory cells located along the first bit line is coupled between the 
distributed series diode and an associated word line. 

In one embodiment, a method for forming a data storage device comprises 
forming a plurality of word lines in a first plane, each of the word lines being 
substantially parallel to the other word lines, forming a plurality of memory elements 
on the plurality of word lines, and forming a plurality of bit lines, each bit line being a 

-2- 



[0005] 



[0006] 



HP Docket No. :10017408-1 

distributed series diode, the plurality of bit lines being disposed in a second plane that 
is substantially parallel to the first plane, thereby forming a plurality of cross-points 
with the plurality of word lines, wherein each memory element is disposed at one of 
the cross points. 



DESCRIPTION OF DRAWINGS 

[0007] The methods and devices of this disclosure can be better understood with 

reference to the following drawings. The drawings are not necessarily to scale. 
[0008] FIG. 1 is a circuit diagram of an embodiment of a data storage device that 

includes a resistive cross point memory cell array. 
[0009] FIG. 2 is a top perspective view of an embodiment of a portion of the resistive 

cross point memory cell array shown in FIG. 1. 
[0010] FIG. 3 is a circuit diagram of an embodiment of a portion of a resistive cross 

point memory cell array shown in FIG. 2. 
[001 1 ] FIG. 4 is a circuit diagram of an embodiment of a portion of the resistive cross 

point memory cell array shown in FIG. 1, including a distributed series diode bit line. 
[0012] FIG. 5 is a circuit diagram of an embodiment of an effective grouping of word 

lines by the distributed series diode bit line shown in FIG. 4. 
[0013] FIG. 6 is a circuit diagram of an embodiment of a portion of the resistive cross 

point memory cell array shown in FIG. 1. 
[0014] FIG. 7 is a circuit diagram of an embodiment of a sense amplifier circuit that 

is operable to sense current flow through a memory cell of one or more associated 

groups of memory cells of the resistive cross point memory cell array shown in FIG. 

1. 
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[0015] FIG. 8 is a circuit diagram of an embodiment of a portion of the resistive cross 

point memory cell array shown in FIG. 1 

DETAILED DESCRIPTION 

[0016] In the following detailed description, reference is made to the accompanying 

drawings which form a part hereof, and in which are shown by way of illustration 
specific embodiments of cross point memory cell arrays. Other embodiments may be 
utilized and structural or process changes may be made. The following detailed 
description, therefore, is not to be taken in a limiting sense. 

[0017] Referring to FIG. 1, in one embodiment, a data storage device 10 includes a 

resistive cross point memory cell array 12, a plurality of words lines 14 that extend 
along rows of the cross point memory cell array 12, and a plurality of distributed 
series diode bit lines 16 that extend along columns of the cross point memory cell 
array 12. The memory cells 18 of memory cell array 12 may be implemented as any 
one of a wide variety of conventional resistive memory elements, including magnetic 
random access memory (MRAM) elements, phase change memory elements, resistive 
polymer memory elements, polysilicon memory elements, and write-once (e.g., fuse 
based or anti-fuse based) resistive memory elements. 

[0018] Data storage device 10 also includes multiple read circuits 20, each of which is 

coupled to one or more associated sets of memory cells 18 by a respective bit line 16. 
Each read circuit 20 is operable to sense current flow through a memory cell of the 
associated group (or groups) or memory cells 18. A steering circuit 22 selectively 
couples an associated read circuit 20 to a selected bit line 16 based upon a received bit 
line address (Ay). Each steering circuit 22 includes a set of switches that connects 
each bit line 16 to a source of a constant array voltage (V ARRA y) or to an associated 
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read circuit 20. A word line decode circuit 24 selectively activates a particular word 
line 14 based upon a received word line address (Ax). During read operations, word 
line decode circuit 24 may activate a selected word line 14 by applying selectively to 
each of word lines 14 either a constant array voltage (V A rray) or a read potential. An 
output of each read circuit 20 is coupled to an input of a respective input/output (I/O) 
pad of data storage device 10. 

[0019] In the illustrated embodiment, the resistive cross point memory cell array 12 is 

shown to have a relatively small number of memory cells 1 8. Other embodiments, 
however, may include a large number of memory cells. For example, in one 
embodiment, resistive cross point memory cell array 12 includes a 1024 x 1024 array 
of memory cells 17 and two hundred and fifty-six read circuits 20, each read circuit 
20 fitting a pitch of four bit lines 16. In the illustrated embodiment, a total of four bit 
lines 16 may be multiplexed into each read circuit 20. Some embodiments may 
include multiple levels of memory cell arrays 12. In those embodiments, bit lines 16 
from different levels may be multiplexed into the read circuits 12. 

[0020] In other embodiments, data storage device 10 may also include a write circuit 

(not shown) for writing information into the memory cells 18 of the resistive cross 
point memory cell array 12, hereinafter referred to as memory array 12. 

[0021] As explained in detail below, the architecture of memory array 12 enables 

high-density fabrication and high-speed operation with a distributed series diode bit 
line 16 that has practical dimensions and current density characteristics. In addition, 
the distributed series diode bit line 16 provides a resistance per unit length that is used 
to group the word lines 14 of the memory array 12 and act as a resistance element in 
series with each memory cell 18 of the memory array 12 in order to provide short 
tolerant operation. 
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[0022] Referring now to FIG. 2, a perspective view of a portion of a memory array 12 

is shown including a distributed series diode bit line 16 that provides practical 
dimensions, current densities, and resistance. As shown, the word lines 14 are 
typically low resistance conductors made of a metal such as aluminum (Al) or copper 
(Cu). A memory cell 18 is disposed on the word line 14 such as an MRAM element, 
a phase change memory cell, a resistive polymer memory cell, a polysilicon memory 
cell, or a write-once (e.g., fuse based or anti-fuse based) resistive memory cell. Note 
that multi-layer, multiple cells may be stacked on one another. However, for ease of 
description, the memory cell 18, regardless of construction, is referred to in the 
singular tense throughout the application. Distributed series diode bit lines 16, 
hereinafter referred to as a bit lines 16, are then formed such that each memory cell 

18 is disposed between a single word line 14 and a single bit line 16. As shown, the 
bit line 16 includes a metal layer 17 and a semi-conductor layer 19 that are joined 
with a material layer 21 that forms a diode therebetween. The metal layer 17 is made 
of a low resistance metal such as aluminum or copper, while the semi-conductor layer 

19 is made of materials such as carbon, silicon, germanium, indium telluride, 
antinomy telluride, or silicon-tantalum (a semiconductor-metal alloy). Some 
embodiments of the bit line 16 may have material layers 21 that can be n or p doped 
semi-conductor materials that form junction diodes with the semi-conductor layer 19. 
Alternatively, the material layer 21 can be metal such that the material layer 21 and 
the semi-conductor 19 form a schottky diode. 

[0023] FIG. 3 is a circuit diagram of the portion of the memory array 12 shown in 

FIG. 2. By properly selecting the materials of the material layer 21 and the 
semiconductor layer 19, the resistance per unit length, or lateral resistance, of the bit 
line 16 can be determined. The materials can be selected such that the bit line 16 
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exhibits a lateral resistance that allows the word lines 14 associated with a bit line 16 
to be effectively grouped. The size of the word line groups 15 depends upon the 
lateral resistance exhibited by the bit line 16. As shown, the lateral resistance of the 
bit line 16 is represented by the resistive elements 27, and, by way of example, is 
selected such that the word lines 14 are arranged in a group of three, although other 
sized groups are possible. Grouping of the word lines 14 is possible because the 
lateral resistance of the bit line 16 diminishes the effects of portions of the memory 
array 12 outside of the group during operations conducted within the word line group 
15. For example, during read operations, a shorted memory cell along the selected bit 
line 16 but outside of the word line group 15 will not affect the read operations. 
Grouping of the word lines 14 allows the forward characteristics of segments of the 
distributed diode bit line 16 to be utilized, such that lower current densities are 
possible than with memory arrays 12 utilizing single diodes for each memory cell. In 
addition, within the effective word line group 15, the lateral resistance can be treated 
as a resistance element in series with those memory cells 18 that are not being read. 
Therefore, if one of the memory cells 18 not being read is shorted, it will not draw 
excessive current and the memory array exhibits short tolerance within the group of 
word lines 14. 

[0024] FIG. 4 is a circuit diagram of a distributed series diode bit line 16a and a 

number of the associated word lines 14 within the memory array 12 (FIG. 1). The 
metal layer 17, the material layer 21 and the semiconductor layer 19 (FIG. 2) are 
shown by the lumped electrical model of bit line 16a including the metal bit line 23, 
diode elements 25, and resistive elements 27. Although individual electrical 
components are shown in the lumped model of the distributed series diode bit line 
16a, the metal layer 17, material layer 21, and semiconductor layer 19 are continuous 
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for the entire length of the bit line 16. As shown in FIG. 4, a memory cell 18 has not 
been selected for the read operation. Once a memory cell 18 is chosen, such as target 
memory element 18a, target memory cell 18a will have a nearest number of 
unselected word lines 14, which along with the selected word line 14a, will form an 
effective word line group 15, as shown in FIG. 5. The cumulative lateral resistance of 
the bit line 16a, as determined by a defined lateral resistance per unit length, increases 
farther from the target memory cell 18a, thereby reducing the effects of distant 
elements in the memory array 12 (FIG. 1) and forming the effective group of word 
lines 15. For ease of description, a group of three word lines 14 is used to describe a 
read operation of the target memory cell 18a. 
[0025] Referring to the embodiment of FIG. 6, the lateral resistance of the distributed 

series diode bit line 16 is selected such that the memory elements 18 and their 
respective word lines 14 are formed into groups of three about a target memory cell 
18a. Within the effective group of word lines 15, each memory cell 18 is connected 
between a respective word line 14 and segment of the distributed series diode bit line 
16 which functions as a common group isolation diode, as represented by diode 
elements 25 connected by dashed lines. Memory array 12 features the high-speed 
operational advantages associated with diode isolation architectures and the high- 
density advantages of equipotential isolation architectures in an architecture that may 
be implemented with isolation diodes that have practical dimensions and current 
density characteristics. In some embodiments, distributed series diode bit lines 16 
may be fabricated with memory cells 1 8 using a conventional thin film diode 
fabrication technology, thereby allowing multi-level resistive cross point memory 
arrays to be constructed. 
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In operation, data is sensed in a target memory cell 18a of memory array 12 by 
selecting a word line 14a corresponding to the selected memory cell 18a, and 
connecting it to a low potential (roughly the ground potential). At the same time, 
groups of bit lines 16 are connected to read circuits 20 in reference (18b)/sense (18a) 
pairs, as described in detail below in connection with FIG. 7. 

The operation of an embodiment of a memory array 12 including a distributed 
series diode bit line will now be discussed. The memory array includes a sense 
amplifier as disclosed in U.S. Patent 6,456,524, which is incorporated herein by 
reference. An array potential (V A rray) is applied to the unselected bit lines 16c from 
the output of an equipotential generator 32, which also is described in detail below. 
The equipotential generator 32 applies a control voltage to the read circuits 20 
coupled to the selected bit lines 16a, 16b to set bit line voltages so that the voltage that 
is applied to the target memory cell 18a is equal to the array potential (V A rray). The 
equipotential generator 32 also applies a control voltage to the steering circuits 22 
coupled to the unselected bit lines 1 6c to set the unselected bit line voltage so that the 
voltage that is applied to the unselected memory cells is equal to the array potential 
(V array). 

Unselected word lines 14 in a selected group 15 (FIG. 6) of word lines 14 are 
connected together and form an averaged feedback voltage as a second input to the 
equipotential generator 32. The equipotential generator 32 develops an output voltage 
(V G ) from the difference of the applied array voltage (V A rray) and the feedback 
voltage to the source follower transistors 44 to achieve a voltage equal to V A rray 
applied to the selected reference memory cell 18b, the target memory cell 18a, and the 
unselected memory cell 18c connected to the selected word line 14a. In such a case, 
the memory elements connected to the selected word line 14a have approximately 
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Varray applied across them and all of the other unselected memory elements 40, 42, 
43 that are associated with the selected bit lines 16 and the effective word line group 
15 have approximately zero potential across them. As a result, the bit line read 
circuits 20 receive sense current only from the selected memory elements. The 
unselected word lines 14, i.e. those not in selected group 15 (FIG. 6), are connected to 
a high potential (on the order of twice the magnitude of the voltage drop of the 
distributed series diode 25) and are isolated from the selected group 15 bit lines 14 by 
the reverse biased distributed series diode 25. The unselected bit lines 16c have a 
voltage (Vg) applied to them so that V A rray is applied across the associated memory 
elements and the associated distributed series diode 25. Consequently, a parasitic bit 
line current flows in the unselected bit lines 16c during a read operation. 
[0029] As shown in the embodiment of FIG. 7, each read circuit 20 includes a sense 

amplifier circuit 30 and an equipotential generator circuit 32. Sense amplifier 30 may 
be implemented as a current mode differential amplifier. In the embodiment of FIG. 
7, two bit lines of the memory cell array are shown: a reference bit line 16b and a 
sense bit line 16a. The reference bit line 16b and the sense bit line 16a are shown in 
equivalent circuit form having, respectively, a selected reference memory cell 18b and 
a target memory cell 18a; the other memory cells are represented by resistors 40, 42. 
In operation, a logic '1' or '0' may be sensed by detecting the difference between a 
current that is generated in the reference bit line and a current that is generated in the 
sense bit line. 

[0030] During a read operation, the equipotential generator 32 develops a gate voltage 

signal (Vg) that is applied to a set of voltage follower transistors 44, one in each 
selected bit line. Each of the voltage follower transistors 44 sets a respective bit line 
voltage (e.g., Vrefj and V S ensei) to a narrow voltage range while providing a high 
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impedance to the sense nodes in a sense amplifier circuit 30. Sense currents that flow 
through the voltage follower transistors 44 pass through the distributed series diode 25 
and then through he selected memory elements 18a, 18b. The voltage level V G 
preferably is set so that the voltages Vre F . 2 and V S ense2, which are applied across the 
memory elements 18a, 18b, are close to the array voltage V ARRAY . If the voltage Vref. 
2 and V S ense2 are equal to V A rray no parasitic current will flow through the sneak 
path memory elements 40, 42, as explained above. A similar action occurs for the 
unselected bit lines, the output of the equipotential generator (V G ) applies a gate 
voltage to a source follower associated with the unselected bit lines to apply a voltage 
approximately equal to V ARRAY to the unselected memory cells 1 8c so that no 
parasitic sneak path currents will flow in associated sneak path memory cells 43. 
[0031] In the embodiment shown, all of the unselected word lines in a word line 

group 15 are coupled together at node A and develop an averaged voltage V A to form 
the feedback voltage as the second input to the equipotential generator circuit 32. 
Connecting the unselected word lines together forms a voltage divider circuit that 
samples the voltages applied to the selected memory cells. These voltages are 
approximately equal, and the output of the unselected memory element voltage 
divider represents an average of the slightly different voltages applied to the selected 
memory cells. In one embodiment, equipotential generator circuit 32 is implemented 
as an operational amplifier control circuit having a first input coupled to a source of 
V ARRA y, a second input coupled to the unselected word lines 14 (V A ) through row 
select diode circuits (not shown), and an output coupled to the gates of voltage 
follower transistors 44. The constant array voltage may be provided by an external 
circuit (not shown). When V A is equal to V ARRAY , V G is set so that Vref2 and V S ense2, 
and V A all have approximately the same magnitude so that an insubstantial current 
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will flow across node A. This technique also works well when multiple sense 
amplifiers are used, i.e., when multiple bit pairs are sensed at the same time. 
[0032] In addition to effectively grouping word lines 14 and therefore allowing for 

the effective application of equipotential isolation, the lateral resistance of a 
distributed series diode bit line 16 provides short tolerance and prevents sneak path 
currents within the word line group 15. Short tolerance and the prevention of sneak 
currents will now be discussed with reference to FIG. 8. If a memory cell 18 other 
than the selected memory cell 18a is shorted, its resistance will be the resistance of a 
portion of the distributed series diode bit line 16, that resistance being at least the 
resistive value of resistive element 27. The selected memory cell 18a is represented 
by a first resistor 50, and unselected memory cells are represented by second and third 
resistors 52 and 54. The first resistor 50 is selected by applying an operating voltage 
(V s ) to the bit line 16 and a ground to the associated word line 14a. To prevent sneak 
path currents from obscuring a sense current, an equal operating potential (V b = V s ) is 
applied to the unselected word lines 14. Applying equal potential across the 
unselected memory cells 18d, 18e blocks sneak path currents from flowing 
therethrough. 

[0033] Ideal sense amplifiers apply an equal potential to the selected bit line and the 

subset of unselected word and bit lines. If, however, the sense amplifiers are not 
ideal, the potentials are not exactly equal and sneak path currents can flow through the 
memory array 12 (FIG. 1) during read operations. 

[0034] Consider a read operation on a selected memory cell 18a lying along the same 

bit line as a shorted memory element 1 8d (resistive element 52). The shorted memory 
cell 18d has a resistance at least equal to the resistance of the associated segment of 
the distributed series diode bit line 27. Even if the sense amplifiers are not ideal, the 
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shorted memory cell 1 Sd does not divert a significant amount of sneak path current 
through the shorted memory cell 18d and does not significantly affect the sense 
current during read operations. As a result, the shorted memory cell 18d does not 
cause a column-wide failure. Only a single randomized bit error results. The single 
randomized bit error can be quickly and easily corrected by error code correction. 
[0035] Now compare the read operation just described with a read operation 

involving conventional memory elements and non-ideal sense amplifiers. A 
conventional shorted memory element would draw a significant sneak path current 
that, when combined with the sense current, would cause the sense amplifier to cut- 
off or saturate. As a result, a bit error would occur during a read operation on the 
selected memory element configuration. Moreover, the shorted memory element of 
the conventional configuration would divert the sense current during read operations 
in every other memory element of the bit line. A column-wide error would result. 
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